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Introduction: Inourcontinuingdevelopmenbf anaster
oid thermalmodel[1,2,3],we now includetheradialtransport
of liquid watervia capillaryaction. We alsoincludethe effect
of gravity on both vapor and liquid transportand explicitly
modelthe permeabilityasa function of pore sizeandporos-
ity. Our goalis to determineconstraintson the durationand
temperatureof the liquid water phasein a 100-km diame-
ter CM-type parentbody sincethis is critical in determining
the evolution of organic materialson suchbodies[4]. We
solve the one-dimensionaheat-flav equationand include a
suite of radionuclidesasthe heatsource. The parentbody is
modeledas consistingof forsterite,enstatiteinert rock, and
waterin the solid, liquid, and vapor phases. We use up-to-
datetemperature-dependespressiongor theheatsof trans-
formation,thermalconductvity, heatcapacity density vapor
pressureandviscosity We includeserpentinizationgdehydra-
tion, vapordiffusion,gasandice fracturing,andconvection.

The Models: We usea canonicaimodelfor an asteroid
which accretes8 Ma afterthe collapseof thesolarnehulaata
heliocentriadistanceof 3 AU. Theinitial void andice fractions
aretaken to be 16% and 30% by volume, respectiely. We
assume poresizeof D = 50 um anda permeabilitygivenby
theKozery coeficient[5]
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wheree is the porosity Overall, thisresultsin alower perme-
ability thanpreviously used.

Wetreatthetransporbf liquid waterasa Dargy flow with
avelocity givenby

wheres is theratio of the volumetaken up by liquid waterto
the porosity y is the viscosityof liquid water p is thedensity

of liquid water g is thelocal acceleratiordueto gravity, and
P = Pyapor — P.. The“capillary pressure’ls [6]

P. = \/%O’J(S) , (3

whereo is the surfacetensionof theliquid waterand.J(s) is
anempiricallydeterminedunction[7].

Results:  We presentthe results of modelswith and
without theradialtransporbof liquid waterandcomparehem
to previousmodels.Theeffectof Eq. (1) andupdateghysical
constantss minor, increasinghecentraltemperaturéy ~ 10
K comparedo model2 of [3]. Liquid transportresultsin a
significantmovementof liquid watertowardsthe centerof the
asteroid raisingthe peakcentraltemperaturdrom 365K to
400 K asheatis initially carriedinwardsmore rapidly than

thermalconductioncarriesit outward. Exceptin thecentral~
10kmandwheresteemradientarepresem, gravity dominates

capillary action. However, while reactionsare proceeding,
steepgradientsesultin oscillationsasliquid watermovesback
andforth. Eventually wateris drainedfrom the mid-regions
(25-35km), loweringtheeffective heatcapacity heatingthem
up, and pushingthe outermostreactionzone out to 35 km
ratherthan only 30 km. Fracturingoccursnear 34 km as
inward-flowing liquid freezesandfills up the void spacesat
smallerradii. However, ourmodelstill produce®nly anarrav
bandnear35km whichmatche<CM meteoritecharacteristics.
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